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This  thesis  provides  a  parametric  analysis  of  three  models  for  direct 
delivery  by  a  Naval  Supply  Center  (NSC)  to  a  Naval  Air  Rework  Facility  (NARF). 
The  models  include  both  scheduled  and  unscheduled  deliveries.  Parameters 
which  were  studied  included  the  ratio  of  delay  cost  to  delivery  cost  and 
the  probability  rf  a  repair  part  being  demanded  by  a  component  undergoing 
repair.  The  decision  variables  were  the  time  between  deliveries  for  sched¬ 
uled  deliveries  and  the  number  of  units  of  an  item  delivered  for- — 
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unscheduled  deliveries.  The  impact  on  the  decision  variables  of  varying 
the  parameters  was  the  major  focus  of  the  analysis.  The  results  of  the 
analysis  suggest  that  scheduled  delivery  is  a  good  direct  delivery  strategy 
for  an  NSC  to  use  in  supporting  a  NARF.  However,  the  analysis,  has  shown 
that  the  expected  total  cost  for  all  three  alternatives  is  very  close. 
Therefore,  the  final  criterion  for  which  alternative  should  be  chosen  is 
essentially  ease  of  usage  and  implementation. 
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This  thesis  provides  a  pararetric  analysis  or  three 
rodels  for  direct  delivery  ty  a  Naval  Supply  Center  (.NSC'  to 
a  Naval  Air  P.eworir  i’acility  The  rodels  include  both 
scheduled  and  unscheduled  deliveries.  Parameters  wnicn  were 
studied  included  the  ratio  of  delay  cost  to  delivery  cost 
and  the  pr'^tatility  of  a  repair  part  cein^  demanded  by  a 
ccmporent  under^oir.^;  repair.  The  decisicr.  variahies  were  the 
time  between  deliveries  for  scneduied  deliveries  and  tne 
number  of  units  of  an  item  delivered  for  unscheduled 
deliveries.  The  impact  on  the  decision  variables  of  varying 
tne  parameters  was  tne  major  focus  of  tne  analysis.  Tr.e 
results  of  the  analysis  sup^est  that  scheduled  delivery  is  a 
e?ood  direct  delivery  strategy  for  an  NSC  to  use  in 
supporting-  a  NAHJ.  However,  the  analysis  nas  shown  that  the 
erpected  total  cost  for  aii  three  alteratives  is  very  close. 
Therefore,  the  final  criterion  for  which  aiternative  should 
te  chosen  is  essentially  ease  of  usag-e  and  implemen taticr  . 
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I.  INTFOCUCTICN 


Vitn  tne  ccnsoi  i'iati  cn  of  wr.riesaie  surTriy  support 
oetweer  Naval  Supply  Centers  (NSC^  at  Cai^lar.i.  Sar.  Iief-'o, 
and  Norfolio  ani  tneir  neij^n  bcri  n,?  Naval  Air  Starions,  t.-.e 
question  of  providing  «uppiy  support  for  looai  Naval  Air 
Pewor>  Facilities  (NA^’F)  witn  no  de.^rana  t  ion  of  tnat  support 
is  of  pripary  concern.  One  possicie  answer  is  to  provide 
on-site  inventories  at  tne  NAP.F.  Tris  nas  tne  advauTadr^s  of 
quictc  response  to  customer  needs,  smaller  transportation 
costs,  am  smaller  customer  delay  costs,  anr  tr.“ 
disadvantage  of  increased  costs  of  S'dintaininm  a  separate 
inventory.  Anotner  possibility  is  suoport  of  tne  na?F  by 
direct  delivery  from  tne  NSC  witn  no  on-site  inventory.  Ana 
of  course,  a  combination  of  tnese  two  is  ar.ctn®r 
possibility. 

Tne  optimum  solution  to  tne  problem  of  supplvinf  support 
to  tne  NAFF  is  a  trade-off  aron^  customer  needs, 
transportation  costs  and  delay  costs.  YcF^aster'  [Per.  ij  nas 
developed  tnree  direct  delivery  models  as  a  tirst  stec  in 
determinin?  tne  best  way  to  support  tne  NAFF.  Tne  complexity 
of  tne  expected  total  -'ost  formulas  for  ail  f'ree 
alternatives  requires  a  parametric  analysis  to  understand 
tne  Impacts  of  tne  various  parameters. 

Tnis  tnesls  will  present  a  summary  or  tne  tnree  models, 
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II.  OF  THF  " 

Tills  cr.apter  surrarizes  a  cLeierri-i  is  *  i  c  a®rrara 
'leiivery  noaei  anl  tJ'.ree  ranaor  leran'l  '■oiels.  Tr.e 
e  t  p  rmi  ni  s  t  i  r  model  an^  its  cerivatiicr  are  rre'^rred  :c 
ill’jstratP  tre  reasonia?  re.dinl  the  random  z='^and  rodeis 
analyses  presented  in  tnis  tnesis.  Since  tr.e  details  c 
tr.eir  derivations  are  presented  in  Reference  1.  only  tr.e 
results  are  presented  nere. 

A.  DFTSR.ML'JISTIC  rE'^ANT 

If  a  demand  from  a  customer  occurs  once  every  ti'"e 
period  witn  certainty,  it  is  said  to  re  deterministic 
demand.  Let  CT  be  tne  cost  of  one  round  trip  from  a  supply 
center  to  tne  NA?F.  If  a  trues  is  dispatened  every  time  a 
demand  is  received  and  processed,  the  cost  to  deliver  earn 
unit  is  C".  If,  However,  tne  trucK  waits  until  '<  'Tits  nave 
been  demanded  and  processed,  tr.e  average  delivery  cost  per 
uni:  is 

CT/.>c. 

If  tne  truc.-c  waits  until  it  is  full,  say  n  ’.-nits,  tr.e 
delivery  cost  per  unit  is  minimized  at 

CT/n. 

However,  wniie  ic  urits  accumulate,  tne  ’.mits  aireany 
required  rut  unleiivored  accumulate  delay  "osts  for  t.*"® 


N.a.iiF.  It'  tne  ir\:c«:  wci:;';  t'?r  'c  nr.its  t ''  ac''u!~vlct 

tr.e  delay  cost  for  ere  u’’it  for  ore  tire  ^eric':  is 
’’otai  average  celay  cost  can  ce  sn'^wr.  to  oe 

(x-i}CD  /  <t. 

To  cor.flrr  tc.is  forruia,  ass'^'^e  one  unit  is  reeoec  s 
units  of  tire.  If  tne  truc^  waits  'or  units  t ''  arcu 
it  will  not  leave  until  fit-lit.  furinr  tnis  ti-ie  tn 
ordered  rut  not  ac^liverel  cave  accuruiater 
'Specifically.  tne  first  unit  orierec  at  tine  t  =  i;  n 
delayed  ( !t-l  ]  t  tire  units,  tne  secoro  unit  cr^e^ec 
nas  teen  delayed  (i-idlt  tir-e  unit<^,  and  so  on  until  o 
'rt.n  unit  ordered  at  (K:-l)t  nas  no  d^lay.  Tne  total 
tire  in  period^  of  ler^'tn  t,  tner.  is 

f'-c-l)  +  (it-2)  +  r!c-3)  +  ...  +  1  1' . 

wT.i-'r.  can  te  written  icfx-lVil.  ’.v'nen  tnis  is  r"ltipi 
t".®  delay  cost  ter  period,  tne  result  is  tne  te’-a 
cost 

It  (’<-1)01'/?. 

Tne  average  delay  cost  p“r  unit  is  ootained  ty  ivin 
tre  numter  of  units,  rivin^  tne  desired  forruia 

( K-l )  Cli/?. 

fy  adding  tne  averae-e  snipping  cost  and  avercf'e  deicy 
tne  total  avera^te  cost  is 

c  (ici  =  CT/it  +  ^<-l  )cr  /  ?. 

Figure  1  presents  tne  total  cost  varsi'S  tne  nu 


units  K  for  tne  leterrinistir  rrodei 


A 1 1  n  0  u  g  r  t  n  e 


artu^liy  liscrete 


t  e 


points  nave 


c  ^  r  1]  t  “ 


boon 


niarity.  V.'itn  svcn  discrete  cost  c'Tve',  tne  f-etnoc  of 
finite  differences  is  cfter.  ertpicyed  to  fine  an  cr.tirai 
solution.  Since  it  is  desired  to  minimize  tne  cost  cerve, 
optimum  '<  is  tnat  's  suon  tnat 

C(it-l)  '  C(ir^  £  C(!t-1), 
cr  equivalently  ,  tne  largest  ir  su  cn  tnat 

C(<f^  -  C(i£-l)  <  ^  or 


tne  smallest  it  suen  tnat 

C  fic)  -  C(ir+1  ^  If. 

Using  equation  (1),  tne  second  ineuuality  above  becomes 
CT/lt  +  CKr-D/'d  -  [  CT/(k:-1^  +  CD(ic-2Vd  1  <  fe; 
wr.icn  ran  easily  be  reduced  tc 

it(K-l)  <  2CT/CD  . 

Tnis  final  relationsni?  allows  a  very  simple  computation 
to  be  made  repeatedly  until  tne  K  is  found  wnicn  satis+’ies 
tne  relat lo nsn ip .  Tni'  metnod  eliminates  tne  requirement  of 
evaluating  equation  (l)  to  searen  for  cptim.ur.  .t .  Tne  only 
tine  equation  ^1)  need  be  evaluated  is  after  tne  optimal  ic 
is  found  and  tne  total  cost  fer  tnat  £  is  desires. 

It  is  important  to  note  tnat  because  one  de’^ar.d  is  Known 
to  occur  every  period,  equaticn  (1)  is  also  tne  average  cost 
per  nerlod.  In  tne  case  of  random  demand,  tne  expected  cc't 
per  period  is  appropriate  for  making  comparisons  amrn?  toe 
direct  delivery  strategies  to  be  presented  below. 

Tne  concept  of  a  oerlod  is  very  important  to  tne 
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t'oliowin?  rrodPis.  A  period  is  defined  as  cr.e  tire  ^eweer. 
indnctiors  of  conponent'  to  ce  repaired  at  tne  rJARF.  For 
instanre,  if  tne  NAf^F  was  si^neduled  to  overnani  twenty 
engines  of  type  A  in  one  qvarter,  ana  if  tnere  were  slrty 
working  days  ir.  one  quarter,  tne  ier.etn  of  tne  period  for 
tne  random  roneis  would  De  3  nays.  Tnus.  tne  len^tn  of  a 
nerlod  is  determined  oy  tne  work  scneduie  at  tne  NA?F.  It  is 
assumed  tnat  tne  time  spacin?  between  nemanas  for  a  repair 
part  is  equivalent  to  tne  time  oetween  inductions. 

£.  P.ANrOM  EEMANF 

If  a  repair  part  is  not  demanded  every  time  period,  but 
only  in  p  percent  of  tnem,  me  total  ''ost  forf^ula  will 
differ  from  eov.ation  Cl)  and  is  dependent  upon  tne  delivery 
strategy.  Tnree  appear  appropiate  to  consider  for  supply 
support  of  a  NARF.  Tney  are: 

1.  Tne  truck  makes  a  delivery  at  the  end  of  M 
periods  of  time  if  tnere  nas  been  at  least  one 
demand  during  tne  N  periods. 

2.  The  truck  makes  a  delivery  as  soon  as  demands 
nave  accumulated  to  a  specified  number  K. 

3.  The  truck  maxes  a  delivery  in  me  (N-l)st  period 
following  tne  first  demand  received  after  tne  last 
delivery . 

These  tnree  alternatives  respectively  represent 
scheduled  deliveries,  unscheduled  deliveries  and  a  variant 


o:  srneluiec  'deliveries  wr.ere  tr.e  tirst  aeranl  ner.<b 
ce,t'l  nr.i  r.f'  o:'  tne  tire  nerioi  cerore  tre  r.eit  -eiiverv 
eac*'.  case,  rorrulas  nave  teen  lerive't  tor  tne  e7^e 
Average  c''?t  per  ijeriol  ana  tne  STreotea  total  ceia--  i 
1'.  Tr, e  purpose  of  tne  ;ect-a  totii  a-^iay  ror'-oiri  Id 
ailo*  f-^r  a  tire  constraint  to  te  i"’josea  ••ptn  ave 
■^ype^tea  f-'^iav.  "^cr  r''''.!.nariscr  purr'C'^es,  tne  ru 

of  units  deiiverel  i:;-c:er  a  1 1=  r  na  t  i  ve  ^  1  c;.c  y  ano  tne  n 
of  rericis  ret'/.ee.n  oei  i.  ve  ri  es  uncer  ai  t --r  r  a  t  i  ve  -.-ve 
r  e  a  n  c,  e  r  i  v  e  i  . 

1.  Alt‘=rnative  1 


'■  te 


total  ext)“ctei  average  ''ost  oer  ..•^rioa  is 


.•  vri.vj  - 


"i 

“ 

r  •  • 

P  T 

l-d-n) 

‘  cr(N-i;c 

-1-  ] 

\ 

•j 

'l-'o) 

mj 

tec 

r  li  r  D  e  r  e 

live  red  ur.ae 

r 

alternative  1 

a^nl  )  =  \I>  /  [i-(  l-o)  i  . 
ne  averaKe  erpe^tel  total  aelay  is  ^iver.  by 
oTD  =  (\-i:  /  H 
a .  M  terra  r.i  vp  'd 

Tne  tntai  average  expectei  c-rst  per  pe’-i-"":  is 
Kl  =  C'^'^l/n  (k-i)  p  d-p'.'"' 


r  t  V 


f  ■  ' 


i-:C?{ 


^  c:  'K-1  ^  . 


r.  =<  'd 

Tre  expectei  nupoer  cf  oericas  Detween  lieliveries  is 

i’  (  M  V  )  =  X  /  p  ,  ' ' 

Ar.l  tne  average  expected  total  delay  is 
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vi .  i  t  -■  r  r.  t  i  v  ? 


■r.i=  t"^  la  i  ^ve  roc'e  ex  ^ecL  en  cost  i 


S' 2L1zi^ 


As  •i;r.  a  iuer  native  '>,  to  ends  :‘or  e^natio'’  'r' 
'"-veiorei  an ■:  will  te  discussec  i-ter.  "r. e  ‘=xn=CT‘ 


f  nr.its  a°iivered  is 


nave  teen 


-  1  - 


Tne  avera*'?  ^xuected  total  delay  is 


*  ';i  -  'l-o)  j  ' 


C.  C'O^PUTATiCN'Al  ArPrCACH  TC  DPT '•‘P IN  i  NG  OPTI^'A.I  'JkV'lZ 
Tn.is  sentio*'  discusses  tr.e  recnr.ijues  usee  tc  i®te:r 
opii.^ai  i\  ar.^  K  nsini^  ine  expected  test  i'crrvias  cf  tr.^  1 
section,  ’'fniie  tn®  rfetnoc  of  finit’^  oeff^'^enres  •rc-"'r‘=c 


1 


si  "Ole  relation  to  ^'a^ilitate 


le  t “ rr  1  r.  a  t  i  c ; 


'intirel  nu^r°r  of  units  or  period 


c  r  . 


rodei,  it  ^as  not  as  fruitful  for  tr.e  ra..dorr  ’ler-ati  r-'o*’ 
'’.-p  r“suits  of  t-e  finite  ciffererces  r^etnee  '-*as  at  i^as: 


'crnpli'at^d  as  eacr  cf  t.de  ex.^ected  ::cs:  forrr-'ias,  si 


expected  ''osts  equations 


di  r  ^ 


sear^nin^r  ror  N  cr  v^l\=»  rrir. irizei 

Pv-luation  of  «=>ii,vation  ( 'd '  ,  me  total  ex::‘=ct‘=d  ''oet 
^eri  od  for  al  ter.na  t  i  ve  1 .  pr'^sen  t  el  rc  '■07  ..u  t  a  t  i  : 


I'o  r 


probiemb.  To  deterr'ine  lae  optinai  nuirber  of  uni  is,  N, 
aliernative  i,  succpsslve  values  of  N  te^Jinnine'  v*itn  = 
v*ere  assurred  and  equation  (2)  was  tden  evaluated.  Usine  tr.e 
concept  of  finite  aifferences,  tne  maxinum  N  for  wnicr  tne 
total  cost  function  continued  to  decrease  was  the  optirur. 

For  alternative  ?,  the  sane  appmacn  was  used  in 
searchin?  for  optinai  K.  However,  evaluation  of  the  total 
cost  formula,  equation  (5),  is  tedious  because  of  tee 
infinite  sum.  *^cMasters  lEef.lJ  conjectures  that  optimal  K 
is  the  largest  K  suen  tnat 

F(K-l)  <  2pCT/CP 

or  it  is  one  larger  than  tnat  fC.  Although  ^'eVa'^ter^  was 
unable  to  prove  this  conjecture,  cor'pu  ta  t  i  ona  1  -^Tperiencp 
supports  it.  'Tsing  this  inequality,  two  K  values  were 
determined  and  then  used  to  evaluate  equation  ■  t) .  The  K 
value  with  tne  rinimur  cost  was  tne  optimum,  ''ne  shippirg 
costs  (CT'  series  in  equation  (h)  was  evaluatec  usinr  an 
iterative  method  which  was  terminated  ween  tn®  new  term 
contributed  less  than  an  additional  .fi-'/i:!  of  tne  previous 
CT  sum. 

In  searching  for  optimal  ^  for  alternative  2.  the  same 
difficulty  as  with  alternative  2  was  created  by  the  infinite 
sum  in  the  total  expected  cost  equation  { = ) .  yc^'asters  [Hef. 
Ij  also  provides  both  an  upper  and  lower  sound  for  cptimal  N 
under  alternative  3.  The  upper  bound  for  M  is  the  lar^^est  N 


such  tnat 


N(N-1;  <  2/p  l(CT/CL') 


(l-p  )J 


Tne  lower  tounc  is  ir.e  iarj^'est  value  of  N  wnlcn  ^aiisirie? 

2 

(N-l)(N-2)p  -  2[(N-2^p  +  IJ  V  2pCT/Cr 

Tne  upper  bound  was  cnosen  for  conputaiions  becau«=  of  i-s 
simpler  form.  So,  an  upper  bound  was  caloula'ed;  tren, 
successively  smaller  N  values  were  used  tc  evaluate  equation 
(8),  tne  total  cost  equation.  Optimal  f'J  was  me  larges: 


tc  crovliP  an  estlTSte  cf  rr ’iri-t  r  ir.  t  r  ^  ^  s  pc  r  r  at  i  cn 
costs  frop'  KiC,  Oattiana  tc  NA.Hf ,  Aiatreaa,  tr.a  ar.aiysis  in 
tr.is  tnesis  wixi  consioer  CT  to  ce  a  constant  vaiu?  cf  siee'. 
ieiay  costs  per  perioa  must  ce  proviiea  cy  tre  \A:-''y  ar.o  are 
net  yet  avaiiacie.  i'lr.'-e  delay  costs  are  expectec  tc  vary  ry 
repair  part  and  transportation  '■osts  are  not,  it  was 
'"'onsicierec.  more  meanimui  to  fix  tne  C"  value  ano  vary  me 
Cr  values. 


y.  =i:rA-I0H  -'r  THii  COST  CU^''i'S 

Tii^ure  proving's  f?rapns  of  tne  cptijur  pxc®''ted  total, 
cost  file?;  versus  tne  pr''tcciiltv  cf  a  cerar.c  '  j, '  for  =11 
tnree  alternatives.  Tne  ceiay  cost  (Cl)}  values  ler®  "'.cos®:, 
merely  to  provide  an  indication  of  tne  tenavlo-  of  tne  co=t 
ourvos  over  a  broaa  ran^re  cf  delay  rests  (CC}  a’".c  ar-  of  no 
particular  s  m*nifi  car.ee  in  tnenseives.  As  «ouid  oe  etpec’ed. 
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pro  Dating/  c*‘ 
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total  cost  is  extoe'veiy  i  sens  1 1  i  ve  to  cna’'ce?  :  . 

-owover,  as  CD  ircr“a«es  a  r‘^lativ°ly  Simm  craof-e-  :  r.  p 
causes  significant  i.ncreases  in  tc.e  total  costs. 

O’  n  p  r  e  are  a  f  e  *  mere  i  r  i  e  r  e  s  t  i  n  r  c  i  r.  t  s  to  n  e  ; .  i  a  ;  u 
•Torn  fi'-’ure  'd.  First,  •itCir.  eac.n  a  i  t°  r.oa  t  i  v>=  ,  tn^^  "C.- 
*’or  ZZ=:iV  and  CL  =  f^'  are  sucerimpos  ed  for  sruli  ve.n-s  ' 
p.  Investigation  ras  rev'^aled  tn.at  tne.v  ieper:  at  t m,  p 


19 


V  a  1  u  e 

t  r.  a  t 

'' 

aus 

as  c  p  t  i r  v. r  t  0 r 

✓ 

to  0 .0 

am?  fr:'  ! 

*  ^ 

* .  *• 

r  r 

':r=c/ 

.  I  n  f  a 

'^t 

.  t 

0“  £.C^  curve  fo 

r» 

■:  r,  y  :  T 

value  v ; 

1 1 

trie 

sane 

r  V? 

until  t .0 e  ST 

ai 

'•  0  T> 

value  reao 

>-  0  C 

w  r.  s 

- 

V  all’? 

t.oat  c 

A}] 

s  ?  s 

opt  in u"-  \  cr  .T 

t  c  0  - 

an^'^  frcT 

p 

1 0 

0 

crovideu  to 

a 

00 

tiru.T  ^  or  L  f 

0  r 

very 

soail  v-’i 

ya  S 

c 

1  _ 

.•  c  r  r  “  i  $  . 
c  '  c  r  t. '  ^  r 


T*:?  roasor.  for  mis  lies  ir.  ^“fir.iiicr  cf 

Vr.en  i'.  or  S  are  1,  are  r.o  iela./  oos's, 

wr.at  tr.^  vaiu®  cf  CJ,  only  toe  t  rans^-or  T.a  t  i  or  r-rsts  u  i  i  i 
'■OGiricuie  to  ir.e  total  “xpoctel  ■^ost.  of^er  se^r.er.ts  1  r. 

to?  iilC?  curves  ere  also  rorresoono  to  corstaot  veiues  cf  o 


^  . 

1 

0  r  .  1 

r.  fa 

''t,  tn®  iC?  curve 

r 

re  tnoue.o 

t  c  f 

as  a 

j 

ooncati 

oa  t  i 

or  of  nary  d i f f ? “ n t 

curv 

=  5 ,  one  f  c 

r  earn 

V  a  1 

4 

•i 

0  f  a  0  r 

i . 

"fitd  la  tee  CD  values  t 

h  0  ^ 

'^vi-'Ter. ts  0 

:  tr.e 

ru  r-.  = 

[  ■ 

s  ta.od 

ou  t 

because  a  value  of  u 

C  V 

is  c  at  i a  1 

ever 

a  V  1 "  e 

.0  1  on  a  partic’idr  V  or  r.  15  o-tirai.  To  us,  to 


larger  CC  value  curves. 

Anct.o<=r  point  wortn  statir.,-;  is  toat 


tcs  fact  t.oat  tr.e  alternatives  liffer 


'nis  is  cie-mly  soc*o  in  figure  ;i  ty 


"11 


s  t  .0  e 

r  j 

0.?- 

c  r 

.0  u  s  , 

T.0  = 

c"  r  V 

£  c  r 

se?"" 

“  .0 :  s 

r  *• 

«■  w  ~ 

T  p 

Gpti 

TUT 

t  r  T  i  i 

tre 

vaTe 

*'  r\  y 

C  i.  .* 

1  n  t  .0 

is  s 

T  S 

i  ^ 

n ' «( 

pi  V  ' 

^oteu 

r  0 

^  C*  i 

'  y  '' 

<■  s  t  S  p 

me 

a  1 1  u- 

r  n  •=-  '■ 

1  ’-e  s  . 

1 

r  n 

♦*  />  p 

rr^^i 

1 

1 

"  •  1 

21 


TOTAL  COST 


PROe^BlLlTT  P 

j'if-rre  7.  Cor.tinrei. 


23 


TOTRL  COST 


PROBRBILITT  P 


Fif-ure  Cc".t  i  nuea  . 


24 
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alternative,  .t  ^  i  rnree  ai  r  ern  at :  ve  i^^t  ivrves  nave  tee-, 
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increase  in  cptifnai  N  as  p  increases  for  very  sr-’a!! 
of  p.  In  acLdition  to  tnis,  tne  fe-'^ctions  for  CD  -  lie 
also  snow  a  d'=''rease  in  Oytin^ai  ?<  as  p  ir.’'reases  fcr 
values  of  p.  Tne  .'cey  to  tnis  renavior  lies  in  figure  1 
Cr  =  il'J ,  ci"' ,  ana  ,  tne  delivery  cest  terr  and  tn- 
cost  te'"'n  nave  seen  piotten  separately  for  sc"erai 
for  alternative  i.  For  me  only  ternn  ir.7''iv  =  d 
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'  ri  i  CSC 


•  i;n  increasing’  n  evpn  tnoi.^n.  octif’-ai  N  ior  .a  1  •;=>:  na  t  i -./-s  1 
c^ri  3  dnl  tr. rr.  vitr*  ir. rTr^sir-r  o* 

brea.fs  in  :re  c'rves  for  alt-rnaii  1  ana  ?  'arr=s;,cr. '  to 
cnane'°s  in  opiinai  >i  "aiues. 


L'FiA.y  COST  TnSAKrCiNTS 

Fie'ure  ic  iispidyc  tne  srdiiesi  CC  ’/aice  f^'r 


■  me  n 


cpliral  value  for  N  or  T.  is  one  versus  ice  ^  rc  c- r  i  ;  y  :?  a 
ler'and.  For  exanpie,  f'^r  aiterna!;i”e  1  anJ  a  rar’'ici,*a~ 
value,  it  is  cost  ecor.cri''il  to  scn^duie  l-^li\’=ries  every 
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1  r.  v  =  r.  1 0  r'.'  t  tr.e  'L-.Ri'  or  as  1  ".v^  o  t  ory  .-.  i  loe  '•i^'''.  '  '  v 
pan  *(1 1  h  a  CD  vaiue  f^T'^aler  tnan  tr.a  api,ii"ac^- 
ir.e  curve  ro'-il  re  cor.^i  j'=rec  f-'r  stocicaye  rt 
L'siri^'  tr.is  '"ricericr,  ai  te^n-ii  i  ve  1  *'Cuii  result  i .-. 
car^didates  do^-  stojsaF-e  at  tr.e  \'A^y.  At  xo*  v^-v=^s  ci'  r, 
alternative  wouia  yieia  re«er  canlitat^s  tr.ar.  -  a  :  e  i-r.a  t  i  v - 
tut  as  r  ii^creases  tne  ciffe^e-ce  ret.eer  tr.ese  f*  ■: 
curves  narrows  suns  tar t ia i ly . 


y.  TF’i  ^oriis  F\ri.r-  «  ti'*? 

Tne  constraints  can  •■’’•cive  frcn  several  :  f -  rer.  t 
sources  .  Two  e rar pies  are  wr.er.  r  ip'''sr  -u  tr.o r i  t;/  :i :  ta  t  =  s 
system-wine  corstralr. ts  tnat  must  te  ret,  or  wr.er.  c  ti~c 
constraint  is  voiurtariiy  imoosec  to  ■=ri5ur‘^  'ust'''"p‘r 
set  1  sf ac t i O’" .  No  matter  wnat  tne  sor'^oe,  tne  rer.t  'm  "oreis 
can  re  used  in  tm  environment  of  time  cons  t  ra  i  r  ts  .  T.ce 
expected  delay  for  ^acn  alierrativs  .cas  :eer.  oerivec  for 
just  tr.is  purpose.  In  penerai,  if  t.C'^  expected  c^iav  f  -  r  tn- 
optirral  solutic.c  does  not  exceed  t.ne  tire  oors'rairt.  tne 


optimal  soiUTior.  oemains  uncr.a r^ped .  'I’.cus  ,  to  ce  ir.rcTyc 
into  tne  random  nodels,  tne  time  constraint  rust  i 
S'^me  units  as  t.c“  expected  delay,  wnior.  are  tr.=  .eriocs 


t.re  model.  'Specifically,  if  tr.e  perioi  n^ir..?  usi=l  is  u 


and  in®  tir®  r'onstraint  is  2  C(37s,  t.d®  ecnected  ceiav 
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If  tnere  is  no  fierncnd  in  tne  first  HN  periods  ano  at  *east 
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per  period  would  ce  HFC/?N  and  tne  protariiity  of  tnls 
crcurance  would  t-o 
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last  N  periods  is 
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Tde  associated  protatility  of  tnis  occimrence  is 
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T_..a  pre''e'-? :  r^'  dniiysis  is  tn-l  tr.cre  is  v--r;/ 

1 1  ff^  r“  in  tr.p  cptiriai  ex^=^':e.l  t'.tdi  ''cstb  per  ^prin'i 

="'cr.f-  ‘r.e  tr.ree  ai  tana  :i  ve?  .  Aitno’vn  tna  a  :  :  er  r.  =  t :  v  as 


'lii'i'ar  su t  s  t a n  t ia  liy  in  f  on¬ 


er. 'nasiS,  tn e  r es i  t  i  .--.r'’ 


rTpectec  total  cn^is  are  arazioci'/  close. 

T  n  e  c  r  r  e  n  t  v  a  s  rede  1  r  C  n  a  c  t  e  r  III  t  d  a  t  t  n  c  t  c  i  r  a  l 
sclutior.  is  a  fv-iction  of  tna  Cd 'TT  ratio.  Ir.-i.s  tne 
cararetrir  i.naiyses  also  ap-yly  to  otr.er  Cl  a:.;  cr  val'c-a  as 
lor.e*  as  tna  ratios  are  tr.e  sane  as  tr.a  actiai  oran  v'eo  in 
Chapter  III. 
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'pera^atf^r  witn  tr.e  rest  ixpact  or.  tr‘=^  ‘xp°ctec  total  c-st  is 
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sr'ali,  say  less  tr.ar  CT/lfC’,  me  total  resr  is 

extremely  insensitive  to  cnane'es  in  p.  As  CC  increases.  tne 
“j'ppcted  optirai  ocs*  values  ir.cr^asp.  Hc*=ver,  t.-.e  rat*  of 
increase  recones  less  as  p  tecones  iar<'e. 

It  -vas  ^Iso  s.hc-*n  tret  ur^er  al  t  r  r-a  t  i  ve  i,  fer 
values,  t.ne  tota.  cost  is  ram.er  insensitive  tc  S'-all 
cn-=r..'®s  away  fren  cptirel  *j  .  '^nis  is  also  tr-ie  fer  tn‘=  ct'-'=r 
two  al  terna  t  i'.'ps  . 

Ai  ter-.ative  r*  r.eve’'  oT’navceu  an  optiral  cost  trat  «as 


Eepartre-t  Cr.airr.ar,  to 

T'^’lartrer. t  of  Opera  licna  =>  r''r. 
Naval  ?os ;-?ra  tua  te  0?!"coi 
"onlP^^.yf  Caiiiorria  n29-/ 


Irofessor  Alan  W.  '■'ryabtera,  Coie  ft  '•'?• 
rercrtrnent  of  Lperetiors  Feaearcn 
Naval  Fcb  tc:ra<i 'ua  tc  for. oci 
'^cneterey,  California 


Profesfor  Pa-jl  .  '^iicn,  Coae  ^'.n 
C®pa r rt  cf  Operaticr.s  ^=‘sear''n 
Naval  Pc b foTaiua le  S cncoi 
vontprey,  Cailforria  'eCb'-C 


i-T  ''ary  Pllen  I'aviasor. .  bO  US*. 
li<i  Dove  lane 

Sur n’o r V i  1  i e  ,  Coutr.  Carcll''a 


Director,  Operaticr.b  Ana.ysis  Dffioe 
C  0  a  e  1' «  .  f 

N  aval  u  r  p  i  y  C  e  r  ^  =  i 

Ca;'flanl,  Califorr. i- 


'T.  H.  J.  Lieternar,  Ooce  -613 
Naval  S’ipi.ly  Syst^rs  Ccrranl 


'vasni  nrt  on  , 
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